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iBSTRACa? 


The rural water supply schemes of U,P, Jal Rigam 
have been studied by taking five representative projects* 

The present studies of design criteria and the overall 
typical characteristics of these water supply schemes have 
been highlighted. The need for an efficient design and 
analysis of water distribution networks has been brought out, 

A versatile water distribution network system analysis 
programme has been implemented at I*I.T, Kanpur lEC 1090 
system. The five selected rural water supply schemes were 
analysed through the use of this versatile programme. The 
deficiencies in the existing schemes and the methods to 
modify them have been indicated, 

A method for the opt imum design' of tree type, water 
distribution net-rork has been ihdicate^:^ 



1 INTRODUCHDIOir 


1.1 GEHSRiL 

Water, like air, is essential to human survival, so 
it is a must for a welfare government to provide safe and 
potable drinking water in adequate quantity to its tirban as 
well as rural population. In recent few years there is a 
progressive effort towards this. 

The United BTations Water Conference held at Mar del 
Plata, Argentina, in March 1977 reconmended that the decade 
(1980-1990) should be designated as the * International 
Drinking Water Supply and Sanitation Decade*. The resolution 
WHA 30.53 concerning preparations for the decade (1980-1990) 
has been unanimously adopted by the thirtieth World Health 
Assembly in May 1977. According to this (i) Implementation 
of Rational Plans for drinking water supply and sanitation 
to all urban and rural communities should be increased, 

(ii) Specific targets should be set up by each country taking 
into consideration its sanitary, socieJ. and economic conditions^9 
The above is an important resolution and it is but natural 
that the Central and State Governments of India will give high 
priority for drinking water supply and sanitation programme, 
and pruvl'de necessary provisions in the animal plans so as 
to achieve these objectives. 
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According to the World Health Statistics Report, 1976, 
about 77 percent of the urban communities and 22 percent 
of the rural communities among the developing countries 
have been provided with adequate water supply upto 1975. 
Progress in urban water supply in India is comparable to 
that at global and South East Asia regionail level, but it 
is rather poor in rural water supply systems. In India 
60 percent of the urban community and 4 percent of the 
rural community was served by water supply facility in 
1970 and 79 percent and 18 percent in 1975 respectively, 
as indicated in Table 1,1* 

TABLE 1*1 WAPm SUPPLY POSITION IN INHA 


Community 

Population served 
(percent) 

Population to be served 
(Target) (percent) 


1970 1975 

1980 

1990 

Urban 

60 79 

' 98 

100 

Rural 

4 18 

32 

100 


As per 1971 Census the country had an urban population 
of 1090*94 million spread in 5»119 towns and rural population 
of 438,58 million in 5, 75 » 936 villages and hamlets* The 
population in 5,18,633 villages (55,32 percent) is less than 
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500, An additional 1,32,990 villages have population in 
the range of 500-999 maiking a total of 4,51 »626 (78,41 percent), 
These villages are scattered in the countrysides, some of 
which are inaccessible during part of the year idiereas some 
have no reliable source nearby, A total of 1,52,475 villages 
came under the category of scarcity or problem villages, 
which pose a challange to those involved in water supply 
programme. 

Water with high chemical ingradients such as 
fluorides, chloride, iron and manganese have been found in 
about 25000 villages with a population of approximately 
21*93 million. In addition water borne diseases such as 
dysentery, gasto enteritis, infectious hepatitis, enteric 
fevers and poliomylites are prevalent in urban and rural 
areas. The death rate due to these diseases have been fo\tod 
to be 9*6 and 16,5 per thousand persons in urban and rural 
communities respectively. This reflects an urgent need of 
safe water supply and other public health facilities, 
especially in rural areas. 

Out of the total annual precipitation of 4OO million 
hectare meter, only about IO5 million hectare meter is 
estimated to be ultimately utilizable containing of 70 million 
hectare meter of surface Water aiid 35 million hectare meter 
of ground water* The surface water is not safe as it gets 
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polluted due to increased industrialization. In gro\md, water 
there is presence of chemical ingradients. So, there is a 
need of some technological solution for safe water supply. 
These are the reasons why India Goveriment is giving more 
emphasis on rural water supply schemes, from Fourth Five 
Year Plan (1969-74), ^I?he accelerated water supply programme 
gave a further boost to rural water supply. About 64 POO out of 
5,75,956 villages and ip90 out of 5,119 towns have been 
provided with water supply by 1978, The outlay on rural 
water supply was 0,8 percent of the total plan during the 
first plan which increased to 1.5 percent in the fifth plan. 
The annual per capita expenditure on rural water supply and 
sanitation for the unserved population of the entire country 
was increased from Re 1.00 from the fourth plan to Rs, 2.4 
in the fifth plan (1974-1978). 

Several financing institutions like the life 
Insurance Corporation of India and Banks have been providing 
part Of funds required for water supply schemes. Funding 
from international and bilateral agencies are available now, 

1,2 I7,P, JAL RIGI-4M . 

Previously supplying of water to a community was the 
responsibility of the municipal authorities. But when the- 
work grew in complexity and vol-ume, need for the establishment 
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of a seperate organisation was felt and in 1927, ttie U.P, 

Public Health Engineering Department was created. It was 

later re-named the Local Self Government Engineering Department 

(LSGED) which is now fully merged in the U.P, Jal Nigam, 

Further, State Government gave more emphasis on water supply 

and sanitation which required large initial investment. So, 

in the seventies the World Bank was approached. But to give 

financial assistance it wanted a central organisation with 

statutory powers to be established first, through which loans 

to the local bodies could be channelized. Due to this the 

State Government created an organisation named U,P, JaX Higam 

on June 18, 1975 by an act of U.P. Legislature. How it is 

a dynamic organisation of U.P, Grovemment, which is working 

under the financial assistance mainly of International 

Development Authority, (IDA), a subsidiary of the World Bank 

for soft lending to member nations of United Nations 

Organisation for development programmes; the Dutch Government 

7 

and the Life Insurance Corporation of India (LIC) , 

It consists of eight Jal Sansthans, three Regional 
Jal Sansthans namely Garhwal, Eumaon and Bundelkhand and 
five local Jal Sansthans for KAYAL towns ie, Kanpur, Agra, 
Yaranasi, Allahabad and Lucknow to give proper water supply 
and sewerage facilities. 



6 


During the five Pive-Year Plans only 6,670 villages 
were brought iinder the piped water supply. Out of the 
1,12,561 revenue villages in the state 55,506 villages 
suffer from scarcity of potable water. Similarly out of the 
619 urban localities barely 376 localities had piped water 
supply. Till the end of the Fifth Five Year Plan.' only 39 
urban localities were provided the sewerage facility. The , 
Nigam provided water to 1,917 villages during the year 
1978-79. This compares very favourably with the 6,670 
villages which were provided this facility during the last 
five Five Year Plans, i.e, upto 1978, and that. ^During the 
year 1977-78, drinking water was provided to 1,200 villages. 

During the Sixth Five Year Plan period 1978-85 it 
has been envisaged to provide piped water supply to all the 
619 urban local bodies of the state as well as to provide 
underground sewerage . system in 39 more towns. Strengthening 
of water supply has been proposed in 83 towns and sewerage 
reorganisation in eight towns, A target covering, 1^,200 
more villages has been set for rural water supply programme. 

To boost the progress of rural water supply schemes, the 
Central Government has launched a crash programme under the 
title, *Accelerated Rural Water Supply Programme^ and it 
is likely that a sum of Rs, 26 crores will be made available 
for thiSj besides the plan aJLlocations, This will be utilised 
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for provision of safe drinking water supply facilities to 
about 2^250 additional villages. 

1.3 -EBSIGN CRITERIA 

The design criteria for the RWSS adopted by U,P, Jal 
Nigam with recent guidlines is as following:- 

Eesign Period 

The design period should be 50 years* 

Population 

The rural design population should not be estimated 
by the previous criterion of increasing the present population 
by 50 percent except the villages borderii^the towns where the 
percentage increase in the design population may be more. 

Any one of the following methods is to be adopted to calculate 
the design population, 

i) Arithmetical mean method 

ii) Geometrical increase method 

iii) Incremental increase method 

iv) Decrease in percentage increase method 

v) Graphical method 

a) an ordinary plot method 

b) a semi-log plot method 

vi) Comparative method 
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Floating Population 

The equivsilent population for feeding the institution, 
market and mela may be considered as 20 percent of the total 
population. 

Rate of Water Supply 

(i) 70 l.p.c.d, for villages where individual design 

population is less than 4>000 and where private 
house connectiore aire expected. 

(ii) 50 l.p.c.d. for anall villages where no or few 
bourse connections are expected. 

(iii) 25 l.p.c.d. where adequate source is not available. 
But the schemes should be framed on 50 l.p.c.d. 
so that except for 2 to 3 months of the summer 
adequate quantity of water is available to the 
beneficiaries. 

(iv) 90 l.p.c.d. for villages v\toere individual design 
population is more than 4,0OO. 

Source Discharge 

The discharges of the source should normally be 
measured for three consecutive years of the driest season 
and the legist dischar^ should be adopted. In the case if 
the Scheme is to be prepared \rrgently, the one year driest 
dischcirge should be double than the ultimate requirement. 
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In special circ^Jmstances vjhere the3?e is an afcute 
scarcity of drinking water the scheme can be framed if th6 
discharge of the source can feed at a rate of 25 l*p.c,d. 

Service Reservoir 

Minimum storage however should not be less than 
10 l.p.c.d, or l/6th of the days requirement whichever is more. 

Peak Factor 

For EA7iIi towns 2,0 

For Urban towns 2.5 

For Rural areas 2.5 

For Industrial ^eas 1.0 

These peak factors are applicable on maximum day 
per capita rates adoptedi 

Distribution System 

The distribution network should be designed for peak 
flow of peak factor times the average demand. 

The minimum size of a distribution main should be 
kept according to the size of the town as per following criteria. 

Design Population Minimum Size of Distribution 

Main 

Up to 5,000 50 mm 

5001 to 50,000 80 mm 

50,001 to 5j00,000 
above 5,00,000 


100 mm 
125 mm 
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In hills the minimum size shall be 25 mm. 

Jor towns of population above one lac wherever the 
main road is more than 20 m in width, mains will be laid bn 
both sides so that the road is not cut for service connections 
later on. 

Pipes 

Medium quality of G.I. pipes should be used for water 
supply schemes of hilly areas. 

In plains P.V.O, pipes may be adopted upto a dia of 
100 mm. A.G, pipes should be used for bigger sizes. Presently 
upto 150 mm P.V.G,, 200 to 600 mm A.G, and above 600 mm G.I. 
pipes are being used. 

Terminal Pressures 

Terminal pressures shall be provided as listed in 
the following tab lax shape. 

Design Population of Building type Terming Pressure 

the town (in lacs) (m) 

Upto 0,20 Single storied 7 

Double storied 12 

0.20 to 0,50 

0,50 to 1,00 No consideration of 12 

the height of 

1.00 to 5.00 building 

5.00 to 10.00 

No consideration of 15 

above 10,00 the height of 

bhilding 
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Terminal presstire for villages shall be 7.0 meters. 
Minimum terminal pressure of 6 m for single storied buildings 
with market and a few house connections and 8 m for double 
storied building with a large number of house connections 
were adopted previously by Iligam. 

Pipe lines 

Sluice valve/wheel valve may be provided at a spacing of 
21 cms (for sizes greater than 150 mm, the spacing may be 
reduced as required). 

Terminal pressure - Minimum 6 m 

Design of distribution system are. to be done for each and 
every village. Station pressure must be duly considered for 
deciding classes of pipes. Break pressure tables are to be 
provided as required. 

Stand -posts considering initial population (upper limit) 
(i) One for about 150 persons in hilly areas 
(ii) One for about 250 persons in plains. 

There should be one stand post at least for weaker 
section such as Harijan and Tribal community. 

Air valve should be provided on summits. 

Tank type stand posts, instead of single tap piller type 
previously used, 

(i) In such villages where no private connections are 
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expected in the begining, tank tsrpe stand posts with 
capacities of 2000, 3OOO, 5000 litres may be provided, 
keeping in view 1/2 day Is requirement in the initial 
stages. 

(ii) She distribution system even in these villages will 

be designed for 6 meters, minimum terminal pressure to 
provide for house connections in future. 

Rising Main 

The economical size of rising main should be calculated 
as per departmental tabular procedure taking electricity 
tarif rule for the cost of every corporation economics of 
laying a size main throughout the design period to that of 
duplicating after 15 years be worked. 

For tube wells and other pumping schemes requiring 
short length of rising main (say not exceeding 200 m) , it would 
be desirable to use C, I* pipes. At other place A.C. pipe 
tested upto adequate pressure may be considered. 

Consumption 

The annual average supply of water is expected to be 
about 75 percent. The consumption of chemicals, electric or 
diesel should be calculated on this pattern. Minimum of two 
tube wells may be provided. The pumping hours of the tube 

may generally be taken 16 hrs at the ultimate period 
of the scheme. 
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Hydraulic Gradient 

To design the distribution main, such hydraulic 
gradient may be adopted for different type of pipe materials 
as to provide an economical d-^sign. For this purpose the 
hydraulic gradient arrived at for economic design of rising 
main shall be adopted. Generally the hydraulic gradient 
for P.V.C, and A.C. pressure pipes shall be 3 to 4 per 
thousand and for C.I, and steel pipes 5 to 6 per thousand. 
However the gradient may vary according to the minimum size 
of the distribution main as recommended in para /Distribution 
System ’ , 

Size of Pump House 

BHP Size 

10.0 8‘ X 10» X 12« 

12.5 to 40.0 12» X 10* X 12* 

The chloronome house is to be constructed jointly 
with pump house as per type design. 

Accomodation of the Staff 

(i) For pump operator •- one single room quarter with 
box room. 

(ii) For chawkidar - one single room quarter with 
one box room. 

Provision for more buildings is to be made after 
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obtaining Chief Engineer's instruction, Eor gravity schemes 
where provision of part-time staff for maintenance purposes is 
considered adequate, number of buildings should be provided, 

list of Various Categories of Pipes and Their Working Pressures 

(i) A.C. Pipes 


Type of 

Pipe 

Working Pressure 

Class I 


2,5 kg/cm^ 


Class II 


5,0 kg/cm^ 


Class III 

7.5 kg/cm^ 


I, Pipes 




Size 

(mm) 

Pressure 

(kg/cm^) 


Light 

Medium 

Heavy 

6 to 25 

10,5 

21.0 

24.6 

32 to 40 

8,8 

17.6 

21,1 

50 to 80 

7.0 

14.0 

17,6 

80 to too 

5,6 

,10.5 

14,0 

125 

- 

10.5 

14.0 

150 

T* 

8.8 

10.5 


(iii) P.V.G. Pipes 

These are available in 4 6 and 20 kg/cm^ working 

pressures, M/s Wavin India Ltd, have^ however, offered pipes 
capable of withstanding a working pressure of 5 kg/cm^ against 
;4 kg/cm pipes. 
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(iv) C.I, S/S Pipes 

Class 

LA 

A 

B 


2 

Pres sure (kg/ cm ) 
6 
9 

12 


Design Pormula 

Hazen and Williams formula is to be used for the 
design of the distribution system* 


1.4 PINAITGB 


Considerable emphasis is being given to the RWSS. as 
laid in the 'International Drinking Water and Sanitation 
Programme 'to make all the villages of the countries provided 
with the safe drinking water by 1990, Our national Government 
is also taking keen interest in this field to fulfill the 
target. But to do this our developing country needs much 
financial assistance. So this assistance is being taken from 
International and National financing concerns. Por the U.P, 

Jal Nigam the finance pattern has two ways ~ Plan and Non-plan, 
Under plan, the finance is given by IDA and Non— IDA procedures. 
In IDA procedure the finance comes 50 percent from IDA, an 

of the World Bank and 50 percent from the LIC (India). 
Under Non-IDA, the finance is provided by Central and State 
‘Governments through granting and loaning ways, according to the 
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financial situation of the area concerned, and by thei LIC 
and other Banks throng loaning, )«hich is to be returned in 
few years by the Department* Government gives 100 percent 
grant to the scheme whose public finance condition is poor 
and there is no proper source of return of money and 75 percent 
grant and 25 percent loan or 50 percent grant and 50 percent 
loan, to the schemes whose area is prosperous* Under the 
non-plan deposit work comes. If Department contracts some 
private concern's scheme, the Department needs full cost of 
the scheme in advance deposited and work will be started 
after full payment to the Department, To accelerate the 
National Water Supply and Sanitation Programme (Rural), the 
financial assistance is to be needed urgently, Por this at 
this time UNICEF and -Dutch Government are giving finance, 

1.5 NEBDPOR m OPTIMiilj DESIGN 

The distribution system of a water supply scheme has a 
major part of the cost incurred on the scheme. So, it should 
be designed economically. There is no proper and accurate method 
to design the network system in an optimal manner. But there 
are more works on network analysis. By this analysis we can 
optimize the network by changing the diameters of the pipes. 
Nowadays we have computer facilities available generally 
fin our coimtiy, so that through computers we can analyse even 
a big network within seconds by using an efficient computer 
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programme* The RWSS where finajace is a main problem, can 
benefit considerably through efficient, optimal designs. 

In the present study an analysis of few RWS schemes under 
implementation of U,P, Jal ligam have been made by a mddified 
and efficient computer programme to bring out the efficiency 
and advantages of computer use in such large investment 
projects. 



2 PRESENT STUDY 


2.1 G-ENSRil) 

The topic of RWS in U,P., for which not only our 
State or Central Government is taking interest but some 
other Foreign Governments and International Organisations are 
giving help, has been selected for the study* The Chief 
Engineer (Project and Design) and one Research Executive 
Engineer of U.P, Jal Nigam provided the necessary background 
and details about the R'WS schemes. Reports of three RWS 
schemes of District Allahabad were made available. Also the 
Executive Engineer, Ilnd T.C.D, Kanpur provided valuable 
informations and details of two RWS schemes of District Kanpur. 
The details of the various schemes a3?e in the next sections. 

2.2 SALIENT FEATURES 

. A, Girdkot, Zone A, Group of 

Name of prpgramme 

Name of Local Body 
Number of Villages 
Covered 
Population 

Rate of W/S 
Source of W/S 
Nature of Treatment 


Villages RWSS^^. 

: N.W.S.P, (Rural) 

: District Board, Allabahad 
: 16 

; Present :7, 476 (1971) 

De si gne d :11, 2 1 4 ( 200 1 ) 

: 70 l.p.c.d, 

: Tube well 

: Pressure feed t 3 rpe chlorination 
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Gonveyajioe i A.C, and P*V,C» pipes 

Service Storage : One O.H.H, of 

Capacity : 200 EL (based on l/^'l 
of the ultimate 
daily requirement 
of water J 

Staging ; 15 m 

Material : ROC 
of cons- 
truction 

Distribution system : Peach factor i 2,4 

Minimum size: 25 mm (internal) 
M in lTimm terminal pressure:? m 
Kind, size and class of pipe 


Kind of 
pipe 

Size,0(mm) 

Class 

0 

A.C. 

125 to 250 

10 

130.00 

P,V.C, 

25 to 100 

4 to 10 
kg/cm2 

140,00 

Estimated Cost 

: 9.00 

lacs 


Pumping plant 

: Plant 

capacity: 

25 BHP 


Pumping Hours : 10 

Draw off rate of : 16 Hours (standard) 

balancing reservoir 

Phis scheme comes in Handia Pehsilof Allahabad District, 
Phe area under Handia Pehsil is such that there is no river or 
any other natural source to get drinking water in abundant 
quantity. It is very difficult to get water. In s um mers the 
draught condition is a regular feature. Phe ground water 
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condition is good here, so this water is to be utilized for 
drinking. This rural water supply scheme has been drawn up 
for the villages which are drau^t affected and the villages 
which come in the alignment of pipe lines for draught striken 
villages* 

Taking the design period 30 years, the designed 
population at the end of the design period i.e. in the. year 
2001 has been taken as 11^214 assuming 50 percent increase 
over the 1971 population taking* into accoxmt the future 
growth and development,. 

To make the scheme economical it was divided into zones 
as follows: 

Zone Number of villages Population designed 

A 16 11,214 

B 21 14', 814 

0 21 14#590 

B, Ketehra, Zone A, Gkroup of Villages RWSS^^ 

Name of the programme : NWSP (Rural) 

Name of the Local body : District Board, Allahabad 

Number of villages J 13 

covered 

Population : Present:? ^123 (l97l) 

Designed :1 0,693 ( 2001 ) 

Rate of W/S : 68.1 l,p*c.d. 




Junctions Fixed gfO<reAo<N« 
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Nature of source ; Tube well 

Source of Development : Pump House 

Nature of treatment : Pressure feed type chlorination 

Conveyance : A.C, and P.V.C* pipes 

Service storage : One RCC O.H.T., of 

Capacity: 120 KL (based on l/6th of 
the ultimate daily 
req.uirement of water) 

Staging : 17 m 

Distribution system ; Peak demand factor: 2,4 

Blinimum terminal head: 7*0 m 

Minimum size : 25 mm 

kind, size and class of pipe 

Kinds of Size,^2f(ram) Class C 

pipes 

A.C, 125 to 250 II 130.00 

P.V.C. 25 to 100 - 140.00 

G.I. 15 to 20 Light 

quality 

Estimated cost : 9.0 lacs 

Pumping plant : Plant capacity: 20 BHP 

Pumping Hour* 5 10 

Dcaw off rate of balan- : 16 Hours (standard) 

cing reservoir 

This scheme also comes in Handia Tehsil of District 
Allahabad, Due to absence of river a any other natural source 
the ground water is to be supplied for drinking to the draught 
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striken, Ketehra group of villages, the condition of which is 
good. 

As per 1961 Census, the population of all the 52 villages 
covered by this scheme was 19,643, The estimate of this scheme 
was originally prepared by scarcity division, Mirzapur in the 
year 1972-73 and the population of 1971 Census was taken as the 
initial population by increasing the population of 1961 Census 
by 25 percent which comes to be 24,541# This was assumed that 
over a period of 30 years further increase in population 
would be 50 percent keeping a margin for family planning 
measures and migration of rural population to urban areas, 
including floating population due to accurance of cattle fair 
and religious festivals. 

To make the scheme economical it was divided into three 
zones as follows: 


Zone 

Number of villages 

Population designed 

A 

13 

10,693 

B 

20 

16,593 

0 

19 

9,533 


16 

C, Urwa, Part II, Group of Villages RWSS 

Name of programme : IHitch programme 

Name of local body : District Board, Allahabad 

Number of villages : 23 * 

covea^ed 




grodf nodr 
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Population 

Rate of W/S 

Source of W/S 
Nature of treatment 

Conveyance 

Service storage 

Distribution system 


: Census, 1971 : 16,836 

Present, 1981 ;20,246 
Designed, 2011:30,369 
: 70 l.p.c.d, for population<4»000 

90 l.p.c.d, for population>4>000 
: Tube well 

: Chlorination by differential 
pressure feed type chlorinating 
plant 

: Forced main of C.I, (class,lA, 
G=100.00) S/S pipe of 


j^Cmm) 

Length (m) 

200 

300 

300 

50 

One O.H.T 

• of R.C.G, having 

Capacity: 

650 KL (based on l/4th of 


the ultimate daily requi 
rement of water) 

Staging : 

14ni 

Peak demand factor : 2.4 


Teminal head: 6m for single storied 

building with few 
house connections 

8m for double storied 
bounding 

Minimum size 25 mm 
of pipe : 
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Kind, size and class of pipes 


Kind 

Sice, 0(mm) 

Class 

C 

A.C. 

200 to 250 

10 

130.00 

P.V.C. 

25 

2 

10 kg/cm 

140.00 


32 to 40 

6 kg/cm^ 

140,00 


50 to 150 

4 kg/cm2 

140.00 


ipp'mrte nances : Sluice valve : 52 nos. 

Wheel valve : 4 nos. 

Air valve 
single ball 
screwed down 

type 20 mm : 1 2 nos • 

Fire hydrant : 15 nos. 

Single tap type 

Stand post : 42 nos. (30 percent for 

scheduled cast localities) 

Average dose of 
chlorination ; 0,5 

Estimated cost : 39.23 lacs 

This scheme falls under Tehsil Me^a, District Allahabad, 
Scarcity of drinking water is a regular feature in summer in 
this area. To face the draught conditions in every summer of 
the area a permanent piped water supply has been proposed. The 
raiilway. line from Allahabad to Mirzapur goes across through 
this village group. In the southern side of the railway line 
there is URWA, Part I , group of villages RWSS which has 
already been implemented. In the north side of the same this scheme 
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is to be implemented. 

The base year for the design period is 1981, As per 
Census figures the growth of population in the district is 
20,4 percent for 1961 to 1971 decade; so to arrive at the 
population for 1981, the 1971 population has been increased 
by 20,4 percent. The ultimate population has been calculated 
for the year 2011 anticipating an increase of 50 percent* 

Over the 1981 population. 

Two centraJLly located tube wells with pumping plants 
designed for discharge of 2000 1pm, at a head of 40 meters 
with 25 HP motor running 6,5 hours each in the beginning, 

8 hours in the middle and 9,5 hours at the end of the design 
period shall be sufficient to cope with the need of scheme, 

D, Malasa Group of Villages 

Hame of the programme ; NWSP (Rural) 

Name of the local body : District Board, Kanpur 

Number of villages 
covered : 15 

Population : Present : 15,400 (1978) 

Designed: 23,100 (2008) 

Rate of W/S ; 70 l,p,c,d. 

Nature of source ; Tube well 

Source of Development : Pump house 

Nature of Treatment : . Gaseous injector type chlorination 

using chlorine gas 
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Conveyance 


Service storage 


Appurtenances 


Distribution system 


Dose of chlorination 


: Forced, main working on maximum 
pressure of 60 m water head of C.I. 
(class la) having 200 mm internal dia 
and 330 m length. . 

: One O.H.T. of RGC of 

Capacity : 500 KD (based a l/4th of 
the ultimate daily requ- 
irement of water) 


Staging : 20 m 


; Sluice valves 

: 40 

nos 

Wheel valves 

: 35 

nos 

Air valves 

: 5 

nos 

Scour valves 

: 5 

nos 


Public stand posts 

Proposed single tap 

pillar type • 75 nos.(l8 nos. are 

for weaker section). 

: Peak demand factor : 2,4 
Terminal’ pressure : Min, 6m head 
Minimum size of pipe : 25 mm 
Kind, size and class of pipes 


Kind 

Size, 0(mm) 

Class 

C 

A.C. 

125 to 250 

II 

130.00 

P.V.C. 

25 to 100 

.... 

140.00 


: Maximum : 2.0 PPM 

Average : 0,5 PPM 

Range : 0.1 to 2.0 PPM 


Estimated capital cost : 25.48 laccs 
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Ptonping plant ; Two electrically driven oil lubricated 

vertical base hole turbine pumping 
plants 

Plant capacity : 55 BHP 

Pumping Hours : 16 

Pcaw off rate of balan- 
cing reservoir : 16 hrs (standard) 

Number of tubewells : 2 (one standbye) 

The villages draw their daily req.uirement of water for 
drinking and domestic purposes from open wells and hand pumps 
which are inadequate in number and are liable to contamination. 

The available water of the wells in some of the villages is 
brackish as well as uhhj^nic which is not advisable for human 
use. Besides this the ground water level in this area is 
considerably low varying from 19 to 25 meters below ground 
level. So, piped water supply becomes essential in this area. 

The 1971 Census population of the proposed group of 
villages is 13»883. The population in the beginning of the 
design period (1978) works out to be 15,400 by increasing 
the 1971 Census population by 12 percent. The design population 
after a period of 30 years (2008) works out to be 23,100 after 
increasing the initial population by 50 percent. 

18 

B, Rajpur Group of Villages RWSS 

Name of the programme : NWSB (Rural) 

Name of local body : District Board, Kanpur 
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Number of villages covered: 5 

Population : Present: 6,439 (1976) 

Designed :1 0,000 (2006) 


Rate of W/S 


: 70 l.p.c.d. for population <4,000 
90 l.p.c.d. for population >4,000 


Nature of source 
Source of Development 
Nature of treatment 
Convejtance 


Service storage 


Distribution system 


Appurtenances 


; Tube well 
; Pump house 

: Pressure feed type chlorination 


: Forced main of 
having 

C.I, (class da) 

size 0(mm) 

length (m) 

125 

400 

150 

30 


: One RCG O.H.T. of 

Capacity: 135 KL (based on l/6th 
of the ultimate daily 
requirement of water) 

Staging :12m 

: Peak demand factor : 2,4 

Minimm terminal pressure: 6 m 

Minimum size : 32 mm 

Kind size 0(mm) Glass 0 

A.C. 65 to 200 II 130.00 

P.V.C, 32 to 50 - 140,00 

: Sluice valve : 15 nos. 

Air valve : 2 nos. 


Fire hydrant : 4 nos 
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Standposts : Single tap piller type : 10 nos, 

■ Bose of clilorination : Maximum : 2 PPM 

Average : 0.5 PPM 
Estimated capital cost : 7.05 lacS 
Number of tube wells : Two (one standbys) 

Pumping plant : Plant capacity : 7.5 BHP 

Pumping Hours: 14 

Braw off rate of balan- 
cing reservoir : 16 hrs, (standard) 

The open wells are only the sources of drinking water 
in this area, which are liable to be contaminated and in simmer 
draw inadequate water. Water table of the area is nearabout 
20 m deep. So, piped water supply has been necessitated. 

As per 1971 Census, the population of proposed group 
of villages is 5,699. The initial population (1976) works out 
to be 8,439 after allowing increase of 2,7 percent per year. 

Population after 50 years (2006) works out to be 10,000 after 
increasing the initial population by 50 percent. 

2.3 COSTS FOR EPPICIENT BSSI&N 

The water supply distribution networks of the five schemes 
were analysed at the I.I.T, Kanpur computer facility by an 
efficient computer programme. After analysis it was found that 
the some schemes were overdesigned i.e. Ketehra and Rajpur. 



The pressure heads at the terminal point are much more than that 
specified in design criteria. Some schemes were deficient and 
the pressure heads at the terminal points are much less than 
the specified, i.e, G-irdkot, Urwa and Malasa. So, keeping in 
mind the minimum requirement of the pressure heads at the 
terminal points, the diameters of some pipes were changed 
according to the condition, to get more pressure head the 
diameter was increased, and final costs of the schemes were 
calculated. Table 2.1 shows the details of costs and savings. 

TABLE 2.1: GOST AED SAVING DETAILS OF THE SC5HEMES 


Schemes 

Initial Cost 
(Rs. )■*<■ 

Final Cost 
(Rs.)* 

Saving 

(Percent) 

A 

3.42 

3.44 

-0.58 

B 

3.12 

3.11 

+ 0.52 

C 

15.00 

15.26 

-1.73 

D 

9.13 

9.39 

-2,85 

E 

1.78 

1.57 

+11.80 


* In lacs 


2.4 OOMPARATIVE STUDY 



TABLE 2.2 : COMPREHENSIVE ABSTRACT OP COST 



Sable 2,2 contd 
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+ Cost includes for staff building plus boundary wall, approach road and gate 
** Crirdkot group of villages RWSS , Allahabad 
** Ketehra group of villages RIBS, Allahabad 



TABLE 2.3 : COSTS OE OVER HEAL TALKS 


SI. 

Lo. 

Schemes 

Sta- 
ving 
im) ~ 

Capa- 

Cost 

(Rs.) 

Year 

Cost esti- 
mated in 
1980 (Rs. 
in lacs) 

1 . 

A 

15 

200 

1,23,333 

1978 

1.36 

2. 

B 

17 

120 

86,500 

1978 

0.95 

3. 

0 

14 

500 

3,20,000 

1979 

3.36 

4. 

% 

L 

20 

500 

2 , 32,000 

1976 

2.82 

5. 

B 

12 

135 

80,000 

1975 

1.02 


Average cost per 100 KL = Rs. 0.654 lacs 
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2,5 TIPIGAI PEATURES OF A RWSS 

According to tlie comparative study of the economics 
of the five U,P, Rural Water Supply schemes we get an average 
total of expenditure incurred on scheme on per capita basis. 

Per capita average total of expenditure on scheme will be equal 
to the sum of average per capita capital cost of the scheme 
azid average per capita maintenance cost. The total for the 
year 2001 comes as Rs. 1 i 05 , 3 t. This per capita cost of the 
scheme is helpful for one to know the cost of the scheme, when 
population is known. One can easily get a total cost of the 
RWWS in a particular year, when the population to be served is 
known for that year, allowing a provision of appropriate 
annual compound interest (say 5 percent). 

By the comparative study of over head tanks for all 
RWS schemes, the costs of the over head tanks for the year 1980 
have been calculated by giving a provision of 5 percent annual 
compound interest. We have got an average total expendit-ure 
on over head tank on/lOO K1 basis, as Rs. 65,400,00. So, 
we can easily estimate the expenditure incurred on over head 
tank in an particular year of construction, if we know the 
capacity of over head tank. 
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It has been found from the present study that the Over 
Head Tank for each RW^was designed and constructed seperately. 
It incurres extra expenditure for its design for each scheme • 

It also creates difficulty in construction due to changes in 
each O.H.T. 's , so the working efficiency for the staff for 
construction becomes low giving more expenditure on scheme. 
Therefore, it is a need for standardization of O.H.T. 's. 

There can be a few O.H.T, 's . When we will go to design the 
distribution system, we can choose a standard design of O.H.T, 
of standard capacity to suit the scheme, 

From the analysis of the network system of the schemes, 
it has been found that the required terminal pressure heads at 
some terminal, points were not satisfied. There is no accurate 
•method of the analysis in the Department. Manual analysis is 
very difficult. So, there is a need of distribution analysis 
by computer. With this we can modify the distribution system to 
get a nearly optimized network. 

Also there is a need of standard features for staff 
buildings, approach roads and stores etc. 



3 ANALYSIS QP WATER DISTRIBUTION SYSTEM 


3.1 GENERAL 

A few RWS schemes have been talcen from U.P, Jal Nigaon 
to get their wstfeer distribution networlcs analysed as discussed 
in previous chapter. These schemes are traditionally designed 
and there is no suitable and accurate method in the Depatrtment 
to analyse the schemes* While urban water supply schemes 
receive considerable attention, in terms of efficient analysis 
and design, there appears to be no such attempts towards 
optimal design in RWSS, eventhough the cost involved is in 
no way a small amount. So, it is essential to analyse the 
rural water supply distribution network to meet the flow and 
pressure requirements and to make the scheme optimal as for 
as feasible, 

3.2 NETWORK ANALYSIS PROGRAMME 

An efficient computer programme for the analysis of 
pressure and flow in pipe distribution systems, prepared by 
University of Kentucky, was available with Dr. K. Subramanya, 
This programme was suitably modified and implemented on the 
IIT Kanpur computer system, DBG 1090 , This programme gives 
rapid and accTirate results in only few. trials, Eeatures of 
this programme are given in Appendix I, The computer programme 
is written in PORTRAN IV, G level. It consists of a main 
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programme and five sparse matrix subroutines to solve the 
p linearized simultaneous equations where p is the number of 
pipes in the system. Before going to the programme a few 
terms related to distribution network are being defined, 

(i) Node 

The end points of pipes are called nodes, 

(ii) Junction Node 

It is, a node where two or more pipes meet or where 
flow is put in or removed from the system. If a pipe diameter 
changes occurs at a component such as a valve or a pump, this 
point is a 4'unction node, 

(iii) Fixed Grade Node 

It is node in the system where both the pressure and 
elevation (or hydraulic grade line i,e, piezometric head) are 
known. This is usually the surface of a storage tank or 
reservoir or a source or discharge point of specified pressure* 
Each system must have at least one fixed grade ilode, 

(iv) Primary Loop 

It is a closed pipe circuit with no closed pipe circuits 
confc ained within it. 

If the junction, primary loops, and fixed grade nodes 
are identified as described here the following holds for all 
pipe system: 
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P - 3 + 1 + t - 1 
where, p = number of pipes 

D = number of junction 
1 = number of primary loops 
and t = number of fixed grade nodes, 

(v} Pipe System Components 
Pipes : 

The length, inside diameter and roughness of each 
pipe must be input as data. One can use roughness coefficient 
both for Hazen Williams equation and Parcy-Weisbach equation. 
Pumps : 

A pump can be included in any line of the pipe 
system. The characteristics of the pump can be 'input in 

two ways ; 

i) The power the pump puts into the system (in Horse 
power or killowatts) 

ii) Minimum three points of operating data (Head- 
discharge) under normal operating range. This 
program is designed to work also if the points are 
outside the normal operating range. A second order 
curve can be fit to this data to obtain a pump 
characteristic curve describing the pump operation 
of the forms 
Ep = A + BQ + CQ^ 


(3.2) 
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where A, B, C,are the chair act eristic coefficients 
and Ep is the head c#r]?e spending to the dischatrge Q. 
Minor Loss : 

A number of components in a pipe system (such as 
valves, junctions, bends, meters etc.) produce a head loss, 
calling minor loss, It could be input easily 

Him ^5.3) 

2g 

where M == minor loss coefficient 
V = line velocity 

and g = acceleration due to gravity. 

Check Valve : 

These valves allow flow only in the specified direction. 
If flow reverseil occurs the valve shuts and the line causes 
no flow. 

Pressure Regulating Yailves (ERY^s): 

These valves are designed to maintain a specified 
discharge pressure (PR) which is lower than the pressure 
upstream from PRV, 

3.3 PORMUIiATIOlT POR THE ANALYSIS 

3.3.1 Basic Equations 

Equation (3*1) giving the relationship between the 
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niimber of pipes, loops, junctions, and fixed grade nodes 
becomes significant when formulating a proper set of 
hydraulics equations to describe a pipe system. 

In terms of the unknown discharge in each pipe, a 
number of continuity and energy equations can be written 
equating the number of pipes in the system. 

i) Continuity Equation: 

For each junction node the flow into the junction 
should be equal to the flow out of the junction, written as 
follows : 

“^in ” %ut equations) (5.4-) 

ii) Energy Equations: 

For each loop the sum of head loss around a loop 
should be equal to the simi of the energy put into the loop 
liquid by a pump. So for each loop the energy equation can 
be written as follows : 

2hjj = lEp (1 equations) (5.5) 

where hj, == head loss in each pipe (including minor loss) 
Bp = energy put into the liquid by a pump. 

If there are., no pumps in the loop then the energy 
equation will state that the sum of the head loss around a 
loop equals zero. 
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If there are t fixed grade nodes, t-1 energy equations 
can be written for paths between any two fixed grade nodes as 
follows: 

B = - 2Ep (t-1 equation) (5.6) 

where B = grade difference between the two fixed grade nodes. 

Any path in the pipe system can be chosen between these nodes. 
However, care must be tahen to avoid redundant paths. The 
best method to avoid this difficulty is to either choose all 
paths starting at one source (like A-B, A-C, A-B, etc.) or 
to use the previous end point for a path as the starting point 
for the next path (like A-B , B-C, 0-D, etc,). Either of 
these methods will result in t-1 equations with no redundant 
ones. These ounction equations (continuity equations) and loop 
and path equations (energy equations) constitute a set of 
simultaneous nonlinear equations which can be solved for the 
discharge in each line, 

3, 3* 2 Birect Solution of linearized Equations 

Because of the nonlinear nature of the above equations 
a direct solution is not possible. A linearization procedure 
is used to handle the non-linear head loss and pump terns 
so the system of equations can be cast as a set of p linear 
simultaneous equations which can be solved by routine matrix 
methods. Essentially the technique used to solve the system 
equations is this. 
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Based on an aeeimied flow in each line (a velocity of 
each pipe is used) the non-linear hydraulic 
eauatioin are linearised and the linearized equations are 
aimultaneously solved for the flowrates. This set of 

es is used to linearize the equations and a second 
solution is obtained. The procedure is repeated until the 

change in flowrates obtained in successive trials is 

insignif icant. Because an -pto 

all flows are computed simultaneously, 

convergence is assured and occu7i«? -o-aTvtr -p j. 

cuia occurs very fast compared to 

other procedures. Usually only 4.6 trials are required even 

r large systems. In the present study for the large 

y em, 2 trials were req.uired in tree type configuration 

and 6 trials in looped type configuration. 


3.4 COMPUTER PLOW DIAG-RM 

Simplified computer flow diagram has been 

givBii 0x1 ^ 
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FIG-34 SIMPLIFIED COMPUTER FLOW DIAGRAM 
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3 '.5 BASIC EQUATIONS 

The line head loss is given by 

%iP ~ %> 

where Kp = pipe line constant 

Q = discharge in the pipe line 
and n — exponent 

For Hazen Williams equation 

K- L 

E = J 

^ 0 I .852 j^4.87 

and n = 1,852 
where I. = pipe line length 

C = Hazen Williams Roughness coefficient 
B = internal pipe diameter 
and - is a coefficient 

= 10.69 for SI units 
= 4.73 for English units 

For Barcy Weisbach Equation 

Kp fL 

% = (3,g) 

and n = 2,0 

f = friction factor 
1 / - pipe line length 
B = internal pipe diameter 


(3.7) 


(5.8) 


where 
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and Kg is a coefficient 

= 0,08265 for SI units 
= 0,02517 for English units 


Minor losses are given by a loss coeff icient ,M, which 
multiplies the velocity head to give the loss at the component 
This is 5 




(3.10) 


# 


where V = the mean line velocity 

and g = the gravitational constant 


In terms of the discharge this is 
^liM 

K, M 

where Kj/[ = 

Q = discharge in pipe line 
E = internal dia of the pipe line 
and Kj is a coefficient 

= 0.08265 for SI units 
= 0,02517 for Engligh units 


(3.11) 

(3.12) 


The effect of minor loss will be insignificant on the 
nodal pressure heads so it has not been considered in the 
present study. 


The pump head is expressed in two ways: 

i) When pump power is given , general eq.ual4in* f t: 

CENi HAL I JBRAflf : . 

Hi. A 


head is 
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% 


VQ 


(3.13) 


where 


P 

T 

Q 

Y 

‘w 

and S 


Soj 


power of the piamp in watts 

specific weight of the liquid = 

discharge in. the pipe line 

specific weight of the water 

specific gravity of the liquid 
P 


tw SQ 

Here> for SI units 

1000 P 


or 




Et 


9806 S Q 

0.10197 P 


SQ 


(3.14) 


and for English units 

550 P 


E. 


or Bt 


62.42 SQ 
8.814 P 


(3.15) 


S Q 


ii) When operating points for the pmp are given, the pump head 
is 

= A + BQ + OQ^ (3.16) 

where A , B, and C are the coefficients of a parabolic 
characteristic curve which defines the pump operation in the 
vicinity of the operating point. 



Since this expression is only valid over a specified range it 
should not be indiscrete ly employed in an analysis. 

The basic energy eq.uation for a loop or a path 
between fixed grade nodes is 

= E + ZBp (5.17) 

where E is the energy difference between the fixed grade 
nodes. 

This equation can be linearized with the continuity 
equations to get a set of p simultaneous linear equations in 
terms of the flowrates in each pipe using a gradient 
approximation, 

3,6 IMPLEMTATION OS' THE PROGRAIMB 

This original programme is fairly lengthy involving 
1,117 EORTRAIT cards. The programme was created on the disk 
of the IBC 1090 system through the cards, and editing was 
done through the terminals (tty), Mter compressing the 
programme file, it occupies 62 blocks storage on disk. The 
syntax errors were corrected through the terminals, Gonsiderable 
amount of time was spent on implementing the programme on the 
DEC system. 

3.6,1 Modification due to Computer System 

A large number of changes in the programme had to be 
made to implement it on the lEG system. The major changes are: 
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i) ’*2’ was removed from tlie programme and ’REJ0j*8* and 
’REiJj * were substituted by 

ii) In READ and WRITE statements device unit numbers were 
removed and only format statement number were given, also 
the ‘WRITE ‘ was changed to ‘PRINT ‘ , 

iii) The cards were arranged in the following order: 

(a) Name of subroutine; 

(b) Dimension cards; 

(c) Variable declaration cards, REAL and INTEGER; 

(d) Common cards; 

(e) DATA statement cards; 

(f) Programme card. 

3.642 Additions 

Some additions were made to run the programme and 
to get the desired results for the present study. These are: 

i) Array ‘ROYro01(2) ’ and ‘NAME (5)’ were introduced in 

the dimension statements in the subroutines ‘MA18A‘ and 
‘MA18B‘ respectively. 

ii) Subroutine COSTT 

This subroutine was added to get the total cost of the 
distribution network. We can give the rate/m length of the 
pipe for 20 standard pipe diameters. The cost was calculated 
nicely to know the cost of the scheme just after each analysis. 
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By making some changes in the system we will get next new cost 
of the scheme each time* This was felt to know the cost of the 
scheme when an round off optimised network was being obtained by 
the provision of putting changes in the system. 

iii) Some FORMM! and PRINT statements were introduced to 

get the cost output and nice prints out' for the U.P. RWS 
schemes, 

3 . 6.3 Computation Time for a Big Scheme 

All the five RWS schemes were analysed on BEG IO9O 
system. The Malasa Group of villages RWSS is biggest one. 

The distribution network of this scheme is of loop type. 

It has 298 pipes. It has been observed that the analysis of 
loop type network of the same number of pipes takes more 
GPU time than tree type network, as previous type network 
takes more number of trials to get the desired accuracy limit. 
The distribution network of Malasa, RWSS took 7 . 4-1 seconds 
CPU time for its analysis. The initial analysis took 5 
trials to get the accuracy of O.OO363 i/s . The analysis 
after changes takes only 2 trials to get the accuracy of 
0,00297 1 /a Phe execution for this scheme vises CORES of 

loop, 

3,7 TESTS ' 

The programme was tested for four different types 
of water distribution networks. The details of the problems 
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A.253'62 
B« 107-87 
C = 80-90 
0=121-81 
E* 43-98 
F= 10000 


Fig.3-2 Schemaiic diagram of tree type distribution 
system fed by a large pressure main- 

English Units,p-7,l-0,i= 2,and t»6 



Fixed grodts at 

A « 30-05 
B«30-48 
C ’33-53 
0*33-53 


Fig* 3*3 Schemotic dlogrorn of loop typ€ fourt 0 <?n 
pipe distribution system -SI Units, p«14, 

I* 3, J«8 ond t« 4 


Pump characterlftics 
£ in (m) I Q Ct/sl 

165-61 200*00 
131-85 600-00 

17-83 1000-00 
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tested with computer results axe as follows: 

3.7.1 Test Problem ho.l 

This seven pipe tree type system (Pig. 3.2) is fed 
3- pressurized main at a constant pressure of 60 psig. 

All discharge points are fixed grade nodes, labeled A-P, 

The liquid used is gasoline havjing specific gravity of. 0,68. 
Here the Darcy Weishbach equation was used in analysis. 

DEC 10 has taken only 3 trials against 12 trials (previously 
tested problem ) and gave better accuracy limit, 

3.7.2 Test Problem 1 ^ 0,2 

This fourteen pipe system has 3 loops and 4 fixed 
grade nodes, labeled A,, B, 0 and D (Pig. 3.3). Pipe 
numbered 12 and 14 both are connected to the same storage 
reservoir. There is a pump in line 1 and has been described 
by operating data. Here an option for multiplying factor 
to the changes for demands is used. The pump operates 
within the allowable range. It has taken only 3 trials 
against 4 trials (previously tested problem). 

3.7.3 Te^t Problem Ho. 3 

The system has a pump described by the useful horse- 
power. An item of note is a check valve in line 4» which 
allows flow only in the direction towards the storage 



59 


Check valve 





Fixed grades at 
A = 50-00 
B = 200-00 
C ' 303-46 
0*278-46 

Fig. 3 4 Schematic diagram of pipe water distribution 
system having one check valve, one pump 
and 2 PRVs -English Units, p*18,l»2 




Fixed grades at 
A = 97200 
B= 935-00 
C = 93500 
0 = 935-00 


Rg.3-5 Schematic layout of improved water distribution 
system for the city of montpelierjVX" English 

Units. p=A3.l--13,j-27 and t-4 
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is 7 m and 11 nodes give less pressure heads.' By making 
changes as shown in the computer print out the scheme has 
been made safe giving insignificant increase in the cost 
of the scheme. It took only 2,87 seconds GPU time for 
this analysis, 

3 . 8.2 Schemed. 

This scheme was found to be over-designed. The terminal 
pressure were coming more than specified, 7m. It took 1.00 
second GPU time. A little cost was reduced after changes 
to make the network nearly optimal. 

3.8.3 Scheme 3 

The analysis of this scheme gave mo 3 ?e negative 
pressure at some nodes . One complete branch of the network 
was under-designed. This 138 pipes tree type network 
has taken2, 59 seconds GPU time for its analysis. The cost 
of the scheme has been increased by 1.73 percent to be safe. 

3.8.4 Scheme 4 

It is the biggest scheme. It comprises 298 pipes and 
56 loops. It took 7.73 seconds GPU time. It was more 
under-designed and closely optimized scheme needed the scheme 
cost increased by 2,85 percent, - Iiue to loop type 
it has taken 5 trials for initial analysis. 
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3.8.5 Scheme 5 

. v/as too much over-designed and after making 

changes to get nearly opthnal network, the sawing turned 

out to be 11.80 percent. It took 2.76 seconds OPD time 
for analysis. 





4 DESIGH OP IRES IIPB DISTRIBUTION SYSTEM 


4^1 GSNERil 

The essential part of all water supply schemes is the 
water distribution system. It comprises a considerable 
part of the total expenditure incurred on water supply 
schemes. It is apparent from the comparative study of a 
few U,P, rural water supply schemes, randomly selected, 
that 65 percent or more of the total cost of the scheme 
goes to the distribution system* So, optimization of the 
distribution network is highly desirable. 

4.2 PROBLEM 

The distribution systems are of mainly two types: 

(i) loop tsf^je and (ii) tree typie. As alternate routes are 
available for transporting water to the demand nodes in 
looped systems, they are more reliable, though somewhat 
costlier, than the other tjrpe. Reliability is preferred 
to economy and also the street pattern is grid like for 
large communities and therefore, loop type networks are 
employed for urban water supply schemes. Por rural water 
supply schemes, however cost rather than reliability is the 
design criterion, and also the pattern of villages is of 
zig-zag nature, so, tree type system is used for them. 
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Previously all water supply schemes were concerned 
with Urban communities only. But nowadays worldwide 
agitation is being made to provide safe drinking water to 
all rural communities by 1990, In view of vast financial 
outlay in these projects we have to select optimized distri- 
bution network in all schemes. 

We can have two ways of optimizing the network 
systems by (i) global optimal design and (ii) nearly 
optimized design, _ Optimal design is really a hard task 
and can be only possible by an efficient computer programme 
using the theory of linear Programming, The other type of 
design which is to be nearly optimiM, This is specifically 
studied here, 

4.3 PiST Y/ORKS 

A review of past work in this field is made here 

before going to the design problem for tree type network 

2 

systems. Bhave used the method of critical path approach 
for the design of dead-end system. He showed that an 
optimal solution could be obtained directly without trial 
and error by system reduction procedure and by adopting 
an economic friction slope. The friction slope is assumed. 

So, one can not be certain that the optimal solution is 

9 

achieved, though it may not be far from it. Deb presented a 



method to get optimal solutioii of the branched pipe network 

system. He assumed a boundary condition that the total head- 

loss of the system through any branch is same, Khanna and 
_ 11 

Swamee suggested an optimal design problem which reaches 
to a non-linear constraints involving an unknown procedure 
for solution and the work is based on simplifying the 
problem through approximations, Bhave"^ has a non-computer 
approach having steady flows, The approach is based on the 
critical path method, the method is simple, straight forward 
and gives a fairly economical distribution method without any 
trial and error procedure. Deb® suggested that for optimal 
design of the water distribution system , the initial costs 
of the pipes, pumps and elevated service reservo ir> and 
maintenance and electricity costs should be considered. 
According to him the total cost of a water distribution 
system is dependant on the inlet hydraulic gradient and the 
pressure surface geometry. With the increase of inlet 
hydraulic head and the pressure surface parameter (the ratio 
of the actijal slope of the pressure profile at the farthest 
point from the inflow to the straight line- variation slope) 
value, the total cost decreases initially, reaches a minimum 
value, and then increases. Optimum values of inlet hydraulic 
head, Hj and pressure surface parameter, Sj^ could be obtained. 
His study also found that the position of the elevated service 
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rGservoir within the network is a important factor in cost 
optimization. If the position of the service reservoir is 
removed from the comer of a rectangular pipe network, towards 
the centre along the diagonal, the distance between the inlet 
point and the farthest point in the network is reduced, and 
for a specified head, the hydraulic gradient is increased. 

As a result, pipe cost is expected to be reduced. It was 
found that the total cost of the system is found to be 
1,33 times more when the reservoir position is at one 
corner of the network than when it is at the centre, 

4,4 CURRBNT PRACTICE 

Erom the study of five RWS schemes of the State, U,P., 
we see that the distribution networks were designed traditionally. 
In design, the tables based on Hazen Williams Eormula were used. 

As the tables and graphs are used in design, there is a more 
chance to commit error in selecting a correct pipe diameter 
for the flow and friction slope conditions. There is no 
provision to check the error and it will be commulative giving 
more and more errors. For example, in the design of 
distribution network of Urwa, Part II, group of villages RWWS, 
a mistake has been committed in the beginning of a branch 
having starting node number 78.'- Pue to this mistake the 
whole branch starting from node number 78 is unsafe from the 
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■tenninal pressure head point of view. There is no suitable 
method to analyse the distribution network after designing it. 
In other schemes under study, some are overdesigned and 
some under- designed. So, there is an essential need of a 
proper analysis for the flow and pressure conditions of 
the network and a proper design procedure, 

4.5 SUGGESTED lEPROVEMEUT 

By the analysis of distributi»n network we get the 
terminal pressure condition. Observing the pressure condition 
we have to change the pipe diameter upstream of the corres- 
ponding terminal node, to get thd network improved. So, 
no doubt, the analysis designs the network system in 
other way. 

The computer programme used for the analysis of the 
scheme here was used to design the network and make it as 
for as possible optimal. The final costs of the schemes 
were calculated after the suggested design. The computer 
programme can be efficiently used to make the system nearabout 
optimal which is previously arbitrarily designed. This has 
been done in Urwa, Part II, group of villages, RWSS, Allahabad. 

4.6 A SUGGESTED DP METHOD 
4,6,1 General 

A method based on the critical path concept can be 
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aaveloped for selection of the optimal sets of pipe sizes 
for optimisation of branching networks by IP. The nxtoiber 
Of pipes Of consecutive sizes in an optimal set depends 
upon the quality of optimality needed. Practically two 
pipe sizes are satisfactory for a system. Por global 
optimality are can select four, or even more pipe sizes. 
Before going. to the critical path concept and behaviour of 
BP, we will be clear about some definitions. 
jPath 


In branching system there is only one route to each 

demand node (tenninal node) from the source. This route is 
callGd palili. 

Slope of Path 


This is maxim-urn available average friction slope. 
This is expressed as 


S = 



( 4 . 1 ) 


where S = slope of the path 
Hq =s HG-L at the source 
H = rainim-um rec^uired HGEG at the demand node 
and Lp = length of the path 

Critical Slope 


The minim-um of sill the path-slopes is te-rmed as critical 


path. 
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- Minimum , giving S„ < S (4.2) 

Lp 

Critical Path and Critical lode 

The path having the maximum available average 
friction slope equal to the critical slope is termed as 
critical path and the node at the end of the critical path 
is termed as critical node. 

Link 

It consists of one or more pipes connected in series 
and has a constant flow and no branches. 

4.6.2 LP Model 

Yariable 

As the resistance of a pipe and its cost are linear 
functions of its length, the different pipe lengths 
constituting a link are taken as the decision variables. 

Oboective Function 

The objective function is to minimize the sum of the 
capital costs of the various links. 

Constraints 

(i) For all links the sum of the lengths of the 
pipes selected must equal the length of the link. 
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(li). At each demand node the available Hffl value must 

to or greater than the minimum required HGl value 
at the node. 


(iii) All pipe-lengths must be non-negative. 

By experience, a designer, who carries out the 
network optimization, selects generally an op'thnal jret 


of two Qr three pipe size'? hn+ +vin o j. 

JJ izes, but this Set may not constitute 

the optimal set. So + v^ j.i 

, critical path concept is suggested 


here to select optimal set of pipe sizes 
4»6*3 Critical Path Concept 


Here, the critical path for the entire system is 
located. There will be so many paths as demand nodes. The 
critical one is chosen in the system. Por a node i on 
the critical path, the proposed HG-L value will be given by 

% ~ ^0 “ ^c ^i (4.3) 

Prom equation ( 4 .I) 

Prom equations (4.3) and ( 4 . 4 ) 

rr s. T^in 

-4 ^ * 

which satisfy the node HffL constraints of the optimization 
problem, for all the nodes on critical path. 
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Thus ’ ull tha links on the critical path are 

provide! with critical slope, the node HSL constraints for 

nodes on the critical path are satisfied, and the 
flow takes Place along the other paths. 

After deciding the critical path and estimating the 
HSL values for the nodes lying on it, the critical path is 
removed from the distribution system. This leaves behind 
distribution sub-systems of the first order. These distribution 
sub-systems emerge from the nodes of known HffiL values and thus 
are treated as independent distribution subsystems for 
which critical subpaths are located and the HGEt, values for 
nodes lying on them are estimated. The procedure of obtaining 
the distribution subsytems of first and higher orders, 
locating the critical subpaths and estimating the Hffib values 
for nodes lying on them is continued until the proposed 

friction slopes for all links of the entire system can be 
estimated* 

Practically the commercial pipe sizes which have 
friction slopes equal to the immediate lower and higher ■ 
values constitute the optimal set for each link. 

4»6.4 Formulation 

After getting the critical path, the diameter of all the 
links lying on that path will be calculated by 



n 

c1*852 3 

= pipe disoliaxge, m^sec. 

= Hazen Williams constant 
= friction path slope 
= internal diameter of the pipe in m 

The set of two commercial pipe sizes having 
immediate lower and higher values than the calculated size 
will be optimal set, 

4 * 6.5 Computer Programme 

On the basis of this IP model based on critical 
path concept a computer programme in FORTRM IV language 
was prepared. This consists of one main program and one 
subroutine dia. This has been created on the disk of 
IIT/K DEC 1090 system, and has been found to work satisfactorily. 
The programme is however in the initial stage of development 
and needs full testing , The details are available with 
Dr. K, Subramanya. 


D = 

where Q 

C 

s 

and D 



5 CONCLUSIONS MD RBCOMBNDillONS 


Five rural water supply schemes under U.P. Jal Nigam 
were selected for the present study, Ihree tree type schemes 
are in district Allahabad named Girdkot, Ketehra and Urwa 
and two loop cum tree type schemes are in district Kanpur 
named Malasa and Rajpur, The topography of the areas wheire 
these schemes fall are more or less flat. Overall comparative 
study of these schemes has been done. The need for an 
efficient design and analysis of water distribution networks 
has been brought out. 

These schemes were analysed by an efficient modified 
water distribution network system analysis computer programme. 
By the analysis of these schemes, it was found that some 
schemes were under-designed and some over-designed. These 
deficiencies of the existing schemes were removed with the 
help of the programme. By making suitable changes in the 
pipe linfe data of the schemes, in. few trials we have got nearby 
optimised networks and final cost was calculated for each 
scheme. On the basis of the comparative study of the schemes, 
it has been found that the per capita expenditure for a 
typical scheme, is Rs, 105/- for the year 2001. 

A computer method for the optimum design of tree 
type water distribi^tion network has been indicated. This 
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method is based on critical path approach. 

It has been found that: 

re is scope for considerable improvement in the 
schemes to effect economy. 

ii) Computer aualysle and design is a necessity and 

the traditional methods of design hawe to give way 
to this. 

ill) Hie analysis programme used in the present study is 
very fast, versatile, reliable and could be used by 
Jal Uigam and other organisations connected with water 
supply for obtaining status of their design/systems, 
iv) There is a need for a computer based optimal water 
supply design programme. 
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APPENDIX I - PE AX USES Op NETWORK iNALYSIS PROGRijME 


Features of the programme can be listed as follows; 

Any type of pipe system configuration can be handled. 

The system can contain any number of storage tanks, 
pumps, valves, meters, fitting etc. 

Pumps can be described by useful power or by inputing 
head -flow data from operating curves. Out of range 
pump operation is incorporated into the programme. 

The system can have pressure regulating valves which 
isolate entire low pressure regions or various single 
pressure regulations described throughout the system. 
Check valves, which allpy^ flow in only one . direction, 
can be included. 

Plow units of CPS, ®M, MOD or SI c^an be used. 

Data preparation is simple even for large systems. 
Complete output is provided including pressures, 
elevations and grade lines at all junctions, head losses 
in lines and at all valves, pump heads, flowrates and 
velocities. 

The procedure is relatively fast. Typical computer 
times for execution on DEC 1090 system at IIT Kanpur 
are as follows; 

Por loop systems: 2-5 seconds for 100 pipes network 

6-7 seconds for 300 pipes network 
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For tree type systems : 1-2 seconds for 100 pipes network, 

10, It has the characteristics to converge to a solution 
for all situations* 

11, Ho assumptions (such as initial flowrates or pressures) 
are required. 

12, Sparse matrix routines are used which minimize storage 
requirements and increase computer execution times. 

13* A pipe system of p pipes requires approximately 50 p 
dimensioned storage (woid.) spaces, 

The basis of the programme is a direct solution of the 

basic pipe system hydraulic equations using a linearization 
(A-l) 

scheme and sparse matrix methods to handle the non- 

linearization methods to solve the equations. It utilizes 
linear network theory. 


Ref • (A*“1 ) * Woody Don J.y and Charlesy Gariy 0,A, y ^Hydraulic 
Network Analysis Using Linear Theory, ' Journal of 
Hydraulics Division, ASGE, Yol.98, Ho.HTT, Proc, 
Paper 9031 » July 1972, pp, 1157-1170, 
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all five 
appended. 


APPETOIZ II - RESUIIS OE AlilYSIS 

Typical output results relating to the analysis of 
O.P. Jal Nigam schemes (A through E) are 
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